Sample temperatures from a controlled freezing run are shown in Fig.  3 . Six raspberry floricane samples were cooled at 5C/h to minimum temperatures of from -10 to -35C. Each sample consisted of a bundle of five 2-cmlong internode sections banded together and wrapped in aluminum foil. Samples were held at their minimum temperatures for 2 h and then warmed to 0C at 10C/h. Initial holding times at 0C were staggered so that all samples reached their final holding temperature of 0C simultaneously. This protocol is used to eliminate artifacts caused by some samples remaining thawed longer than others, and makes it possible to load all samples into the freezer in the late afternoon, and have them reach their final holding temperatures by the beginning of the next work day.
The system described above could be improved by using proportional voltage control on heater inputs to reduce heating overshoot and the minor sample temperature fluctuations shown in Fig. 3 . Thermistors would give greater temperature sensor accuracy, but are significantly more expensive than the thermocouples described here. An uninterruptible power supply (UPS) backup to the computer would help avoid data and sample loss in the event of brief power outages.
Samples of the software used for the controlled freezing chambers and electrical conductivity meter may be obtained by writing to D.L. Barney. In North Carolina, field packing lines and packing houses are common postharvest handling systems. Field packing is usually less expensive and enables growers to avoid injuries caused by handling fruit in bulk bins (Boyette et al., 1990) . However, packing houses have the ability to maintain cleaner conditions, and cultural practices are not required to accommodate the harvest operation.
Comparison of
A spray of chlorinated water is an option either in field packing lines or in packing houses. The need for chlorination is controversial because chlorine is dynamic and may lose its bactericidal action quickly. When chlorination fails, water increases the susceptibility of peppers to decay. Bartz (1988) reported that chlorination of water decreased disease incidence in tomato, but also resulted in greater water intake than with the nonchlorinated control treatment. Because peppers are prone to water infiltration, it has been recommended they be handled dry (Bartz and Eckert, 1987) .
Bacterial soft rot (BSR) caused by Erwinia carotovora subsp. carotovora (Ecc) is the most destructive postharvest disease of bell peppers (Coplin, 1980; Johnson, 1966) . Ecc is common on the aerial surfaces of plants and in the root zone and soil (Coplin, 1980) . Bacterial inoculum may accumulate on packing lines. Johnson (1966) reported that the brush-waxer in packing sheds was the primary source of inoculum because of accumulation of bacteria on the brushes.
Reduction of inoculum and fruit injury are the main goals in all operations (Coplin, 1980) . Ecc is an opportunistic pathogen able to initiate disease only under certain conditions that impair host resistance and favor multiplication of bacteria (Klement et al., 1990) . Skin injuries, peduncle wounds, high moisture content, and high temperature are major factors in predisposing peppers to rot. Crop rotations, chemical treatments, cultural practices, and harvest time also may affect pepper susceptibility to BSR (Sherf and MacNab, 1986) .
Our objective was to survey some typical commercial operations for various characteristics of postharvest handling systems, and determine their effect on injuries and rot incidence. First, we were interested in the types of injuries that occurred and how these affected the occurrence of BSR. Second, we wanted to determine the effectiveness of chlorination under commercial conditions. Third, we wanted to examine the effect of cold storage on development of BSR.
Materials and methods
In 1991 and 1992, three and six commercial packing lines, respectively, were surveyed to determine the effect of handling methods on susceptibility of bell pepper fruit to bacterial soft rot (BSR) caused by Erwinia carotova subsp. carotovora. The study took place in Sampson County, N.C. Two fieldoperated packing lines (B and C) and one packinghouse operation (A) were evaluated in 1991. In 1992, two fieldoperated packing lines (B and F) and four packinghouse operations (A, D, E, and G) were evaluated. Operations A and B were sampled in both years. Peppers were harvested by hand in all operations. In a typical packing house, bulk bins from the field were dumped into stationary bins with conveyor belts to transport fruits to a dumping location, where they were conveyed across a packing line. In typical field packing units, harvested fruits were placed on conveyor belts, which transported fruits to a mobile unit for sorting and packing. Basic descriptions of the overall operations evaluated are presented in Table 1 .
In all packing operations, random samples of 40 fruits were taken at three sampling sites through the packing process. In a packinghouse operation, samples were taken from bulk bins (site 1), from the conveyor after dumping (site 2), and from U.S. No. 1 packed boxes (site 3). In field-operated packing lines, samples were taken from the plant (site 1), from the conveyor after dumping (site 2), and U.S. No. 1 packed boxes (site 3). Fruits from the second commercial harvest were sampled. In 1991, samples were taken on 25 June. In 1992, samples were taken on 10 July at packing operations A, B, E, and G; and on 21 July at packing operations D and F. Fruits from each sampling location were inoculated by immersion up to fruit shoulder in a solution of 10 6 colonyforming units (cfu)/ml of Ecc and stored in boxes at 21C for 1 week or 10C for 3 weeks.
Injuries were classified into the following categories: a) crushed, when cracks were produced by fruit compression; b) cut, when any object broke the fruit skin; c) bruised, when tissue damage was observed without a breaking of the fruit skin; d) abrasion, when a scraping was observed on fruit skin; and e) other, when injury did not fit any of the preceding categories. The "other" category included insect and pathogen damage, corky areas, and cracks. The number of injured fruits in each category were counted. Decayed fruits were categorized as rotted on the side (pod rot) or rotted on the pod top near the stem (top rot), counted, and evaluated as a percentage of total fruits.
The experiment was set up as a completely randomized split-plot design of three (1991) and six (1992) packing operations as whole units and a 3 × 2 × 2 factorial arrangement of sampling site, inoculated or non-inoculated, and storage temperature as subunits for each year. Analyses of variance were calculated and, where F tests warranted, LSDs were calculated. Because each commercial operation was different (fertilization, cultivars, packing line design, etc.), it was impossible to truly replicate the study.
Results and discussion
Fruits from packing house operation A had a high number of bruises in both years and a high number of cuts in 1992 (Table 2 ). Many of the bruises occurred by sampling site 1, indicating rough picking and handling in bulk bins (data not shown). Other packing house operations in 1992 (D, E, and G) had significantly fewer injuries, indicating that it is possible to reduce bruising. However, even in these packing houses, bruises were >20% and cuts >4%, which are high figures and may result in rotten fruits. In 1991, fruits from field-packing operations (B and C) had more abrasions than fruits from the packinghouse operation (A) ( Table 2 ). In 1992, operation B had high abrasion incidence compared to other operations; however, operation F, also a field packer, did not have high abrasion incidence.
Packing operations that had higher numbers of pod-rotted fruits also had more top-rotted fruits (Table  3) . More injuries did not necessarily mean more rotted fruits. Packing operation A, which had a high percentage of bruises on fruits in 1991 (Table  2) , had less pod and top rot than other packing operations (Table 3 ). In 1992, with a similar percentage of bruised fruits, this packing operation had more rot problems. This may be explained by the fact that conditions that predispose peppers to BSR could change for the same packing operation over time. In packing operation A in 1991, pod rot percentage was greater in inoculated fruit than in control fruit, indi- cating that the actual inoculum concentration in this packing line was low (22% control, 63% inoculated, LSD 5% = 33). In 1992, pod rot percentages were not statistically different (42% control, 62% inoculated, LSD 5% = 33). This difference is probably due to poor sanitary conditions in 1992. Packing operation D had high amounts of BSR (Table 3) , but injuries were not excessive compared to other operations (Table 2) . Operations E, F, and G, with low total injury level in 1992, also had a low number of decayed fruits (Table 3) . Operations A, C, and G did not chlorinate and had both high and low levels of pod rot in both years. Operations D and E had automatic chlorinators, which should have maintained an active chlorine concentration. Pod rot was high to medium in these two operations. Bacterial soft rot problems seemed to have little to do with whether the packing was done dry or with chlorinated water. In 1991, Operations B (chlorinated spray) and C (dry) had equivalent rot problems. In 1992, Operation D, with automatic chlorination, had rot problems equivalent to a dry line (A) and a chlorinated spray line (B) ( Table 3 .) Cuts, bruises and abrasions increased as the fruit went through the packing process (Table 4 ). In 1991, there was a large increase in bruises, cuts, and abrasions at sampling site 2 (after dumping). In 1992, injury levels were much lower, but significant bruising and to a lesser extent cuts and abrasions were detected at site 2 and in the packed boxes (site 3). The amount HortTechnology q July/Sept. 1994
4 (3) of BSR may depend on the type of injury (when the skin is broken the pathogens can penetrate) and the inoculum concentration present in the packing line. The growing season was cold and wet in 1992, which may have caused greater susceptibility of fruits to BSR. Johnson (1966) reported that fruits with higher peduncle moisture content developed 75% infection, compared with 40% infection in those with lower peduncle moisture. Other factors besides injury level obviously are involved.
Fruits stored at 10C for 3 weeks had less top rot than fruits stored at 21C for 1 week in both years (Table  5) . A reduction in pod rot under 10C storage was observed in 1992, but not in 1991. Cold storage seems to be more effective in reducing rot in calyx and peduncle tissue (top) than in pod tissue. Sherman et al. (1982) compared the effect of precooling methods on untreated and inoculated fruits, and concluded that thorough precooling to 10C soon after harvest delays, but does not prevent, soft rot decay caused by Erwinia carotovora in peppers. Our data suggest that, for inoculum concentration of 10 6 cfu/ml, not only a delay, but also a reduction, of top rot is observed on peppers stored at 10C immediately after harvest compared to storage at 21C. Pod tissue has a higher water concentration than top tissue-this may increase susceptibility to BSR. Bacteria require a water film on the surface of the plant cells in the intercellular spaces for vigorous multiplication (Klement et al., 1990) . Another possibility is that pod tissue is more susceptible to physiological deterioration than peduncle tissue. Lurie et al. (1986) reported loss of weight; a decrease in firmness, water potential, and water-insoluble pectin; and an increase in water-soluble pectin in pepper cell walls during storage.
We have seen that reducing injuries and maintaining good sanitary conditions after harvest have tremendous impact on pepper susceptibility to BSR. Each individual case is worthy of study to reduce potential problems, because general recommendations are not always valid. Sampling fruits in different places from field to packing, and counting injuries, as was done in this work, could be a simple and useful tool that growers may use to monitor their overall handling practices. Placing fruit samples at room temperature for 4 or 5 days and counting the number of rotten pods after that period may give an indication of the packing line sanitary conditions. If chlorinated water is sprayed, periodic monitoring of water pH and active chlorine concentration should be done to ensure its efficacy (Boyette et al., 1992) . Some growers think no water on the packing line is best, but it appears BSR problems are equivalent in dry and chlorinated-water packing lines. There appears to be little difference in rot problems between field packing and using a packing house.
Literature Cited Bartz, J.A. 1988 
